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Introduction
Moiré patterns appear when superposing two transparent layers containing correlated opaque patterns. The case when layer patterns comprise straight or curved lines is called line moiré.
This document presents the basics of line moiré patterns. We present numerous examples and we focus also on the optical speedup of moiré shapes when moving layer patterns. Numerous examples are present. Dynamic examples demonstrating the movements of layers are presented by GIF files (hyperlinks are provided in square brackets).
We develop here the most important formulas for computing the periods of superposition patterns, the inclination angles and the velocities of optical shapes when moving one of the layers.
In section 2, we demonstrate the phenomenon on the examples with horizontal parallel lines, which are further extended to cases with inclined and curved lines. In section 3 we present circular examples with straight radial lines, which are analogously extended.
Simple moiré patterns

Superposition of layers with periodically repeating parallel lines
Simple moiré patterns can be observed when superposing two transparent layers comprising periodically repeating opaque parallel lines as shown in Figure 1 . The lines of one layer are parallel to the lines of the second layer. The superposition image does not change if transparent layers with their opaque patterns are inverted. We denote one of the layers as the base layer and the other one as the revealing layer. When considering printed samples, we assume that the revealing layer is printed on a transparency and is superposed on top of the base layer, which can be printed either on a transparency or on an opaque paper. The periods of the two layer patterns, i.e. the space between the axes of parallel lines, are close. We denote the period of the base layer as and the period of the revealing layer as . In Figure 1 , the period of lines of the base layer is equal to 6 units, and the period of lines of the revealing layer is equal to 5.5 units. 
Speedup of movements with moiré
The moiré bands of Figure 1 will move if we displace the revealing layer. When the revealing layer moves perpendicularly to layer lines, the moiré bands move along the same axis, but several times faster than the movement of the revealing layer.
The three images of Figure 4 show the superposition image for different positions of the revealing layer. In the second image (b) of Figure 4 , compared to the first image (a), the revealing layer is shifted up by one third of the revealing layer period ( ). In the third image (c), compared to the first image (a), the revealing layer is shifted up by two third of the revealing layer period (
. The images show that the moiré lines of the superposition image move up at a speed, much faster than the speed of movement of the revealing layer. 
Superposition of layers with inclined lines
In this section we develop equations for patterns with inclined lines. Since most of all we are interested in optical speedup, instead of using the well known equations, we represent the case of inclined patterns such that the equations (2.2), (2. The inclination degree of layer lines may change along the horizontal axis forming curves. The superposition of two layers with identical inclination pattern forms moiré curves with the same inclination pattern. In More interesting is the case when the inclination degrees of layer lines are not the same for the base and revealing layers. For the base layer inclination fixed to 30 degree, with a base layer period equal to 6 units, and with a revealing layer period equal to 5.5 units, the bold curve of Figure 9 represents the moiré line inclination degree as a function of the revealing layer line inclination. The two other curves correspond to cases, when the base layer inclination is equal to 20 and 40 degrees correspondingly. The circle marks correspond to the points where both layers' lines inclinations are equal, and the moiré lines inclination also become the same. For any given base layer line inclination, equation (2.20) permits us to obtain a desired moiré line inclination by properly choosing the revealing layer inclination. In Figure 6 we showed an example where the curves of layers follow an identical inclination pattern forming a superposition image with the same inclination pattern. The inclination degrees of the layers' and moiré lines change along the horizontal axis according the following sequence of alternating degree values (+30, -30, +30, -30, +30). In Figure 11 we obtained the same superposition pattern as in Figure 6 , but the base layer consists of straight lines inclined by -10 degrees. The revealing pattern of Another example forming the same superposition patterns as in Figure 6 and Figure 11 is shown in Figure  12 . Note that in Figure 12 In Figure 13 , the number of radial lines of the revealing layer is equal to 180, and the number of radial lines of the base layer is 174. Therefore, according to equations (3.4) and (3.3), the optical speedup is equal to 30, confirmed by the two images (a) and (b) of Figure 14 , and the number of moiré lines is equal to 6, confirmed by the image of Figure 13 . In the GIF animation of the superposition image of Figure 13 the revealing layer slowly rotates in the clockwise direction.
Superposition of circular patterns with radial curves
In circular periodic patterns curved radial lines can be constructed using the same reference sequences of inclination degrees as used in section 2.3 for curves of Figure 6 . The inclination angle at any point of the radial curve corresponds to the angle between the curve and the axis of the radius passing through the current point. Thus inclination angle 0 corresponds to straight radial lines as shown in Figure 13 . With the present notion of inclination angles for b α , r α , and m α , equations (2.6) and (2.20) are applicable for circular patterns without modifications.
Curves can be constructed incrementally with a constant radial increment equal to r ∆ . Figure 15 shows a segment of a curve, marked by a thick line, which has an inclination angle equal to α . 
Conclusions
We redeveloped the most important formulas for computing the periods, inclination angles of moiré patterns, and the velocities of optical shapes.
Instead of using the well known equations, we represent the case of inclined patterns such that equations (2.2), (2.3), and (2.4) for linear patterns and their counterparts (3.3), (3.5), and (3.4) for circular patters, remain valid in their simple forms. In our equations, the p values represent the periods along the axis of the movement of the revealing layer.
In section 2.3.2 we compared our formulas with the formulas known in the literature.
